The efficiency of Cu 2+ ion extraction of magnetically labeled biosorbent based on yeast Sacharomyces cerevisiae obtained by magnetohydrodynamic stirring in combined magnetic and electric fields has been determined. The effect of different concentration of magnetic nanoparticles and yeast cells on the magnetic susceptibility was determined. Optimal magnetite content is 1 %, as such biosorbent has a maximum magnetic susceptibility and the best stability. The higher sorption capacity is observed for magnetically labeled biosorbent obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field with concentration of magnetite 1 %.
Introduction
Combined treating of waste waters using mechanical, physical and biological methods is the most widespread among the existing technologies of water purification from ferrous and non-ferrous metal impurities, mechanical engineering and electroplating industry [1] .
Nowadays the existing biological methods of the waste water purification based on capability of microorganisms to accumulate and absorb ions of heavy metals are spreading very fast [2] . Magnetically labeled biosorption is the most promising method of purification of liquid wastes from the heavy metals among the others [3] . First of all, this method is low-priced because derivative products of biotechnological manufacture can be used as biosorbent (BS). Besides, magnetically labeled BS (MLBSs) can be easily separated from the aqueous solution using the high-gradient magnetic separation (HGMS) in a high-speed mode [4] .
Culture of bakery yeasts Saccharomyces cerevisiae has been provided with magnetic properties using magnetic nanoparticles and used as MLBSs in this paper.
Analysis of published data and problem definition
Significant distribution methods of extracting heavy metal ions obtained biological methods based on the properties of microorganisms to accumulate or absorb heavy metal ions [5] . Among the promising biosorbents used to remove heavy metals, the yeast Saccharomyces cerevisiae is given the increased attention [6] .
Last decade the interest grew to the phenomena occurring in electrolyte solutions under the influence of a magnetic field. The significant amount of reliable experimental data was accumulated in this area of research that has been successfully applied in practice. One of the most studied effects in this area is the effect of mass transfer in crossed electric and magnetic fields [7, 8] . It is well known [9] that mixing of electrolytes usually results in acceleration or change in the nature of chemical and electrochemical processes that occur in them.
So much attention is paid to the method of production of the MLBSs [3] . It is known the method of magnetohydrodynamic stirring observed in the external magnetic field after the introduction of a solution of ferromagnetic elements. The presence of a magnetic field leads to the displacement of water solutions of the diffusion layer around the ferromagnetic elements. Stirring is carried out by ferromagnetic elements, which simultaneously carry out mixing the electrolyte in the vicinity of its surface, and has metal binding sites on the surface and the deposition centers yeast adsorbed on the surface of metal ions from aqueous solutions [10] .
But the metod of the magnetohydrodynamic stirring is non-technical, as require frequent changes the ferromagnetic tips in a mixing device for providing magnetic properties for biosorbent.
The purpose of the study was to determine the effectiveness of MLBSs, obtained through the mechanical and magnetohydrodynamic stirring in combined magnetic and electric field with different concentrations of magnetic nanoparticles and yeast cells. The active and passive biosorptions were carried out.
Materials and methods

1. Production of the MLBSs based on bakery yeasts Saccharomyces cerevisiae
Bakery yeast manufactured by CJSC "Enzym" was used for the experiments in this research. Wet sorbent was obtained through the stirring of the S. cerevisiae biomass with concentration 8×10
9 cells/litre and with the weight fraction of magnetic nanoparticles to yeast biomass 100:1. (pH=2.5). Proportions were determined in earlier studies [11] .
3. 1. 1. Mechanical stirring method 4.00 g of S. cerevisiae biomass, 99, 33 ml of distilled water and 0,67 ml of magnetic liquid were mixed. All the above mentioned components were stirred with mechanical mixer for 10 minutes under the 180 rpm speed. Conditions were determined in earlier studies [11] .
Fundamental and applied physics 3. 1. 2. Magnetohydrodynamic stirring method in the combined magnetic and electric field 4.00 g of S. cerevisiae biomass, 99, 33 ml of distilled water and 0,67 ml of magnetic liquid were stirred by means of application of the combined external magnetic and electric fields [12] . The voltage 0.5 V was applied between two cylindrical steel electrodes and the magnetic field strength was equal to 240 kA/m, time of stirring -6 minutes.
After that both MLBSs were fractionated [4] . Steel nickel plated net (size of cells 0,5 mm) was used as ferromagnetic filter in order to separate magnetically labeled and non-magnetic phases. Conditions were determined in earlier studies [12] .
2. Magnetic susceptibility measurement method
Magnetic susceptibility has been measured on experimental installation for magnetic susceptibility measurement using the radiotechnical resonance [13] .
Installation consists of the oscillograph, computable electronic frequency measurer, coil quality (coil Q-factor) measurer and LC-circuit. LC-circuit consists of a capacitor and a solenoid. Cylindrical container for the sample was disposed inside the solenoid. Visual observation of the signal was carried out using the oscillograph. The magnitude of resonance frequency of the circuit was carried out using the frequency measurer. The measurement of magnetic susceptibility was carried out 12-20 Hz frequency (relative error less than 0,2 %) [13] .
Biosorption method of determination of the effectiveness of Cu 2+ ions uptake using MLBSs
Biosorption was carried out by mechanical stirring over 40 minutes, pH=5,5, concentration of BS in solution -4 g/l, concentration of Cu 2+ ions -50 g/l. Samples were taken at 2, 5, 10, 20, 40 min and filtrated in order to extract MLBSs. Conditions were determined in earlier studies [11] . 
4. Sorption capacity of MLBSs measurement method
5. Determination of MLBSs clusterization degree
Determination of MLBSs clusterization degree was carried out through the mechanical and magnetohydrodynamic stirring in combined magnetic and electric fields with different weight fractions of magnetic nanoparticles and yeast cells using microscope "MICKMED-5" (Russia) with 1000x magnification.
6. Determination of magnetic susceptibility of MLBSs using ferromagnetic resonance
Ferromagnetic resonance (FMR) is one kind of magnetic resonances. It is a multipurpose method of probing the magnetic materials. FMR gives structural and dynamic information about physical processes occurring in material.
Basic characteristics of FMR are the resonance frequency, resonance field, shape and width of signal determined by collective, multi-electron ferromagnetic nature.
Determination was carried out on the ELEXIS E500 EPR spectrophotometer (Bruker BioSpin GmbH, Germany, X-range). The source of electromagnetic emission and detector are placed in microwave bridge. The sample is placed in resonator between two magnets. Resonator is a metallic vessel which enhances the sample signals. Spectrometer consists of a console which fulfills signal processing and a computer used for monitoring all the spectrometer blocks of spectrum registration and data analyzing.
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Results
1. Determination of magnetic susceptibility of MLBSs obtained through the mechanical and magnetohydrodynamic stirring in combined magnetic and electric field
In the research the analysis of the samples of MLBSS obtained through the mechanical and magnetohydrodynamic stirring in the combined magnetic and electric field with different correlation of magnetic nanoparticles and yeast cells was carried out. (1 %, 2 %, 4 %, 6 %, 8 %, 10 %). As a result the values of magnetic susceptibility were measured for both MLBSs obtained through the mechanical and magnetohydrodynamic stirring in the combined magnetic and electric field Fig. 1 . 
2. Investigation of sorption capacity of MLBSs obtained through the mechanical and magnetohydrodynamic stirring in the combined magnetic and electric field
MLBSs obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field have fewer predispositions to form clusters than the MLBSs obtained through the mechanical stirring Fig. 2 . So, such MLBSs have larger surface area with free binding sites for ions of heavy metals and therefore high sorption capacity. It is obvious from Fig. 3 that the higher sorption capacity is observed for MLBSs obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field with concentration of magnetite 1 %. The lower sorption capacity is observed for MLBSs obtained through the mechanical stirring with concentration of magnetite 10 %. 
3. Active and passive sorption determination of BS obtained by magnetohydrodynamic stirring in the combined magnetic and electric field
Magnetic susceptibility of magnetically labeled BS obtained by magnetohydrodynamic stirring in the combined magnetic and electric field has decreased after the abstersion with acid solution with pH=2 [15] . This shows that part of the magnetite nanoparticles has been attached to the surface of BS obtained through the mechanical stirring Fig. 4 , and obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field Fig. 5 . These results indicate that both passive and active sorption takes place in the process of interaction of yeast cells and magnetite nanoparticles. Magnetic susceptibility of magnetically labeled BS obtained by magnetohydrodynamic stirring in the combined magnetic and electric field has decreased after the abstersion with acid solution with pH=2. This shows that part of the magnetite nanoparticles has been attached to the surface of BS.
Discussion of research results
Magnetic susceptibility of BS obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field remained constant for the samples with different concentrations of magnetic nanoparticles.
Considering this the conclusion was made that MLBS obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field has more stable magnetic characteristics. That is why it seems obvious that using BS with higher concentration of magnetic nanoparticles than 1 % (100:1) is useless.
Magnetic susceptibility of BS obtained through the mechanical stirring was higher than of BS obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field and was increasing with increase of concentration of magnetic nanoparticles. So BS obtained through the mechanical stirring has less stable magnetic characteristics.
MLBSs, obtained through the mechanical stirring has higher clusterization degree, smaller surface area with free binding sites for ions of heavy metals and therefore low sorption capacity.
The results correlate with the conclusion that the rise of the clusterization degree in analyzed MLBSs causes decrease of the sorption capacity for both BS obtained through the mechanical and magnetohydrodynamic stirring in the combined magnetic and electric field. But it has been shown that the degree of clusterization for the MLBSs obtained through the mechanical stirring is much higher than MLBSs obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field.
After 10 minutes of the sorption process using BS obtained in the combined magnetic and electric field the uptake of copper ions from solution is 60 % higher than using BS obtained by mechanical stirring. Obviously (Fig. 3) , sorption capacity reaches 90 % of the initial concentration of Cu +2 ions in solution after 20 minutes.
Conclusions
The effect of different concentration of magnetic nanoparticles and yeast cells on the magnetic susceptibility was determined. Optimal magnetite content is 1 %, as such BS has a maximum magnetic susceptibility and the best stability. The higher concentration of magnetic nanoparticles caused the destruction of the cell wall, therefore loss of magnetic susceptibility and instability of obtained BS because of desorption of magnetite nanoparticles into the solution.
Fundamental and applied physics
The sorption capacity of MLBS obtained through mechanical stirring and magnetohydrodynamic stirring in combined electric and magnetic fields was determined. BS obtained through magnetohydrodynamic stirring in combined electric and magnetic fields has higher effectiveness than obtained by mechanical stirring. That confirms the feasibility of magnetohydrodynamic stirring in combined electric and magnetic fields method.
The higher sorption capacity is observed for MLBSs obtained through the magnetohydrodynamic stirring in the combined magnetic and electric field with concentration of magnetite 1 %. The lower sorption capacity is observed for MLBSs obtained through the mechanical stirring with concentration of magnetite 10 %.
The process of active and passive biosorption was carried out. Magnetic susceptibility of magnetically labeled BS obtained by magnetohydrodynamic stirring in the combined magnetic and electric field has decreased after the abstersion with acid solution with pH=2. This shows that part of the magnetite nanoparticles has been attached to the surface of BS. This indicates that both passive and active sorption takes place in the process of interaction of yeast cells and magnetite nanoparticles.
Magnetically labeled method is used not only for purification of waste water but also for drug delivery to the target organ. Therefore, today it is the actual problem the even magnetic labeling of microorganisms, liposomes etc.
